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Different bacterial species from soil samples of waste dumpsites were isolated and screened for their ability to synthesize 
polyhydroxybutyrate (PHB). Out of 86 bacterial cultures isolated, 26 isolates showed the presence of lipid granules PHB. Based on high 
polymer production, 4 potential bacterial isolates were identified by morphological, physiological and 16S rDNA sequencing. Their 
nucleotide sequences were submitted in the GenBank database under accession numbers KT907042, KT907043, KT907045 and 
KT907047. As biomass production is analogous to PHB production, cultural parameters like carbon, nitrogen, pH and temperature were 
optimized for maximum production of polymer by a potential bacterium Bacillus pumilus K8. Growth kinetics of B. pumilus K8 was 
analyzed and found that it grows at a rate 0.112 gh-1L-1 of the production medium. It could achieve maximum production of 72.93% of 
PHB at the rate of 0.013 gg-1 of biomass h
-1 with polymer concentration of 5.04 gL-1 using mannitol, yeast extract, pH 7 and temperature 
35C, respectively as favourable cultural parameters. phbC gene, mainly responsible for PHB production was amplified by PCR and this 
genotypically confirms PHB production by the bacterial isolates. Bacillus pumilus K8 may be exploited for further industrial production 
of biopolymer.  
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Inordinate growth of human population has led to 
increased use of petroleum-based plastic products, 
and the demand is still continuing. Due to versatile 
properties and wide applications of these plastic 
products, mankind cannot ignore the virtue of this 
polymer. These conventional plastics accumulate in 
the environment because they cannot be degraded by 
microorganisms, thereby producing a large spectrum 
of pollutants
1
. Approximately, 150 million tons of 
fossil fuels are required for plastic production and at 
the same time, a huge amount of waste is produced 
whose depolymerization takes thousands of years
2
. 
Based on the present production and waste 
management trends, approximately 12,000 Mt of non-
biodegradable polymers waste were expected to be 
disposed of in the landfill by 2050
3
. There is a big 
challenge in the methods used for disposal of plastic 
materials. The rates of degradation are tremendously 
low in landfills; and incineration process also 
generates toxic by-products. The other recycling 
option is not only time-consuming process but also 
causes changes in the properties of plastic materials
4
. 
Therefore, researchers across the world are looking 
for an alternative and effective polymer which is 
biodegradable. 
 
Currently, there are three well-known 
biodegradable polyesters commercially available in 
the market, namely polyhydroxyalkanoates (PHAs), 
polylactic acid (PLA) and polybutylene adipate-co-
terephthalate (PBAT)
5
. PHA is a bio-based polymer 
produced by many microorganisms during stress 
conditions when a carbon source is readily available. 
Polyhydroxybutyrate (PHB) is the best known 
polyhydroxyalkanoates (PHA) which share common 
physical properties to that of the petroleum-based 
plastics and it can be easily degraded by soil bacteria 
in eco-friendly manner aerobically as well as 
anaerobically. The diverse forms of PHAs (co-
polymers and homopolymers) are found to have a 
variety of possible applications in packaging 
materials, agriculture, medicine, cosmetics and many 
more
6,7





 Da, exhibiting a polydispersity of around 2. It has 
a glass transition temperature of 180C, densities of 





. The tensile strength and Young’s modulus of PHAs 
are close to polypropylene (PP), but the extension to 
break (5%) for PHB is lower than that of PP (400%)
9
. 
Though PHB is a solution to these non-degradable 
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plastics, its cost of production is high thereby, 





The high cost of production of PHB can be 
overcome using cheap carbon sources, genetically 
engineered microbes, optimizing the bacterial cultural 
conditions, mutations, etc. Efforts have also been made 
to express the entire polyhydroxybutyrate operon of 
bacteria in plants with the hope to reduce its 
production cost
11
. Cyanobacteria have also been 
studied widely as it can accumulate considerable 
amounts of PHB as product of the wild metabolism. 
Genetic engineering of cynobacterial strains by 
heterologous transformation with genes involved in 
the PHB pathway of Ralstonia eutropha also can 
acquire considerable amount of PHB
12
. So, in many 
cyanobacteria, through poly-hydroxyalkanoate (PHA) 
biosynthetic pathway, PHB has been produced as a 
native polymer that stores carbon
13
. Therefore, it has 
been shown that genetic and metabolic engineering 
together with recombinant DNA technology have the 
ability to increase the accumulation of PHB to 
produce a considerable amount of biomass
14
. Bio-
synthesis of PHB involves three important enzymatic 
steps of which the starting material is acetyl-
coenzymeA (acetyl-CoA). The reversible condensation 
reaction of two acetyl-CoA molecules into acetoacetyl-
CoA was catalysed by β-ketothiolase (encoded by 
phbA). It is then reduced to 3-hydroxy-butyryl-CoA 
by NADPH-dependant acetoacetyl-CoA reductase 
(encoded by phbB) and subsequently polymerizing  
3-hydroxybutyryl-CoA monomers by P (3HB) 
synthase (encoded by phbC) produces PHB. The type 
of PHA produced is determined by PHB synthase 
enzyme when the concerned metabolic pathway and 
the carbon sources required for the microorganism are 
available. Therefore, PHB synthase (phbC gene) is 
described as the key enzyme for the biosynthesis of 
PHB. 
 
Microbes are the primary and vital part of an 
ecosystem; they are readily influenced by the 
changing biotic and abiotic factors
15
. In order to adapt 
to this changing environment, bacteria produce PHB 
to derive its energy for their survival. In this context, 
identification of potential PHB producer from 
different ecological niches has also gained momentum 
as it may reduce the production cost of the 
biopolymer. Different microorganisms like 
Alcaligenes latus, Ralstonia eutropha, Azotobacter 
beijerinckii, Bacillus megaterium, Pseudomonas 
oleovorans, etc. have been found to accumulate 
polyhydroxybutyrate during unfavourable conditions. 
Streptomyces sp. also produces PHB in nitrogen 
deficient medium
16
. Among these microbes, Bacillus 
species have been reported and studied extensively for 
PHB production
17
. In industry and academia, Bacillus 
is widely studied as its replication and maintenance of 
plasmids is stable
18
. Bacillus species can grow well in 
cheap substrates, have high growth rate in comparison 
to other bacteria and most importantly the absence of 
lipopolysaccharide layer makes them easy to extract 
the polymer. Bacillus megaterium S29 and Bacillus 
sp. IPCB-403 have been reported to accumulate over 
70% PHB content per cell dry weight in optimal 
conditions
19
. Bacillus aryabhattai T34-N4 utilizes 
waste starch for direct production of PHB
20
. 
Moreover, Bacillus cereus is reported to yield up to 
48% of PHB content when starch was used as a 
source of carbon
21
. Recently, Bacillus drentensis 
strain BP17 was found to be a promising bacterium 
for PHB production using agricultural waste, such as 
pineapple peel as a low-cost carbon source for PHB 
production
22
. Bacillus spp. has shown ability to obtain 
high PHB yields with few fermentation factors, and 




Soils from municipal dumpsite areas rich in carbon 
sources serve as a stress prone environment. This 
favours accumulation of lipid granules, polyhydroxy-
butyrate inside the cytoplasm of bacterial cell. In the 
present study, a potential PHB producing Bacillus 
strain from the dumpsite soil of Southern Assam, 
India was isolated and characterized. Its PHB 
producing ability was studied using phenotypic and 
genotypic methods and finally, the cultural conditions 
(carbon sources, nitrogen sources, pH and 
temperatures) of the bacterium were also optimized to 
enhance its PHB production. 
 
Materials and Methods 
 
Isolation and screening of PHB producing bacteria 
Soil samples were collected from different 
municipal dumpsite areas of Southern Assam, India. 
Different colonies of bacteria were isolated by serial 
dilution method and morphologically different 
colonies were separated in nutrient agar medium and 
sub-cultured to obtain a pure culture. These bacterial 
isolates were incubated in nutrient limited basally 
defined DM9 medium (glucose, 4 gL
-1
; NH4Cl, 1.0 gL
-1
; 






; NaH2PO4, 3 gL
-1
; 10 mL 0.01M 
CaCl2 and 10 mL 0.1M MgS04.7H20) for 48 h
24
. After 
incubation, bacterial smears were made on clean 
grease-free glass slides. After drying, a drop of 3% 
Sudan Black B was added to the slides. Then, the 
slides were immersed in xylene for few seconds, dried 
and stained with 5% safranin for 20 s. The slides were 
washed with distilled water, dried and observed in oil 





Characterization of bacterial isolates 
Morphological and microscopic characterization of 
PHB producing bacteria were investigated based on 
colony characteristics and Gram’s reaction with 
microscopic examination. Biochemical characteristics 
were analysed according to Bergey’s manual of 
determinative bacteriology
25
. Molecular characterization 
was done by extracting the genomic DNA using 
HiPurA
TM
 Bacterial genomic DNA Extraction Kit and 
16S rDNA gene was amplified by PCR using primers 
27F and 1492R
26
. Using Genejet Gel Extraction PCR 
purification kit, the amplified gene product was 
purified and then sequenced by ABI 3500 Genetic 
Analyser. The 16S rDNA gene sequence analysis was 
carried out by Bio-Edit software and identification of 
bacteria was done using NCBI-BLAST (National 
Centre for Biotechnology Information http://www.  
ncbi. nml.nih.gov) program. The sequences were 
aligned and the phylogenetic tree was constructed by 
UPGMA method using MEGA 4.1. Evaluation of the 
tree was done with respect to bootstrap method for 
1000 replica. 
 
Optimization of PHB production 
For optimum production of PHB, biomass 
production was optimized considering different 
growth parameters like pH, temperature, carbon and 
nitrogen sources, using slightly modified production 
medium. The evaluated parameters are pH (5-9), 
temperature (20-40C), carbon sources (glucose, 
fructose, sucrose, mannitol and starch) at a fixed 
concentration of 4 gL
-1
 and nitrogen sources (peptone, 
yeast extract, ammonium chloride, tryptone and urea) 
at a fixed concentration of 1.0 gL
-1
. To obtain the 
optimum pH for biomass production, 5 mL of 
production medium was taken in different test tubes 
and pH was adjusted from 5 to 9, keeping carbon and 
nitrogen at a fixed concentration. One mL of 24 h 
fresh culture was inoculated in each tube and 
incubated for 48 h at 30C with 120 rpm. The 
bacterial biomass production was evaluated by 
measuring the OD600 in UV-Vis spectrophotometer 
(Spectrascan UV 2600) and the optimum pH was 
determined. Similarly, other parameters were also 




Extraction and estimation of PHB 
Using the above optimized growth parameters 
extraction of PHB was carried out following 
Hypochlorite method with a slight modification
27
. For 
this, bacterial isolate was grown in 50 mL of 
optimized DM9 medium and incubated for 48 h at 
35C with 120 rpm. Then, the cell pellet was 
harvested by centrifugation at 6000×g for 10 min, 
washed once with 10 mL saline and re-centrifuged to 
get the pellet. 5 mL sodium hypochlorite (4% active 
chlorine) was added to the pellet and incubated at 
37C for 10 min with stirring. This was again 
centrifuged at 8000×g for 20 min and the PHB pellet 
was washed with cold diethyl ether. Finally, it was 
centrifuged at 8000×g to get the purified PHB and 
was dried to constant weight at 60C. Amount of PHB 
produced was estimated by measuring its dry weight.  
 
Determination of bacterial biomass 
Bacterial biomass was determined by measuring 
the dry cell weight of the bacteria. For this, 50 mL of 
the bacterial culture broth was centrifuged and 
supernatant was discarded. The cell pellet was washed 
with distilled water and dried at 60C until the weight 
does not decrease further. PHB production was 







Amplification of phbC gene 
The genomic DNA of the bacterial isolates were 
extracted using HiPurA
TM
 Bacterial genomic DNA 
Extraction Kit and the phbC gene of the isolates were 
amplified by PCR using the specific primer phbC-F 
(5'-CCTTCTCGCCTATGCTCTGG-3') and phbC-R 
(5'-GCGTGACCTTGAATGGTTGG-3'), designed on 
the basis of phbC gene sequences of other 
bacteria. PCR amplification was carried out with the 
following temperature profiles: initial denaturation  
(5 min at 94°C), 35 cycles of denaturation (30 s at 
94°C), annealing (40 s at 55°C), extension (1.0 min at 
72°C) and a final extension for 7 min at 72°C. The 
amplified genes of the isolates were then observed in 








Evaluation of kinetic parameters 
Specific growth rate (G) was determined by the 
formula: G = ln W2 – ln W1 / T2 - T1 × 100, where 
W2 is the dry cell biomass at time T2 and W1 is the 





. Content of the polymer was expressed as the 
ratio of PHB (P) to the biomass (X) multiplied by 
100. PHB content = P × 100/X. Specific PHB storage 
rate (µ) per unit time (t) was given as µ = P/X.t (gram 
of PHB produced per gram of biomass per hour). 
PHB yield at the end of the fermentation (Yp/s) was 






Analysis of the results obtained for optimization of 
PHB production was done by using SPSS 16.0 
software, where P <0.05 was considered to be 
statistically significant. 
 
Results and Discussion 
 
Screening of PHB producing bacteria 
Gram-positive bacteria such as Bacillus spp. 
though it has been used extensively in industry are 
under exploited for PHB production. On the contrary, 
Gram-negative bacteria are the only commercial 
source for PHB production but often it has been 
contaminated by liposaccharides (LPS)
30
. Hence, in 
this study, we selected Bacillus sp. to screen for 
possible isolates that can be used in PHB production 
to make it economical. A total of 86 bacterial cultures 
were isolated and screened for their ability to 
accumulate PHB when grown in a stressed 
environment provided by DM9 medium. Screening 
was done using Sudan Black B staining in which the 
positive isolates showed blue-black coloured granules 
inside the bacterial cell (Fig. 1). Among these 86 
isolates, 26 isolates showed accumulation of PHB in 
DM9 medium after 48 h of incubation at 30C with 
120 rpm and amount of PHB produced was quantified 
as shown in Table 1. Isolate K8 was selected for 
further optimizing the PHB production as it 
accumulates maximum amount of the polymer. 
 
Characterization of bacterial isolates 
Morphological and physiological characterization 
was investigated for the four potential bacterial 
isolates (Table 2) and based on its subsequent 
sequences of 16S rDNA gene, the bacterial isolates 
were identified as Bacillus pumilus H4, Bacillus 
pumilus H7, Bacillus subtilis H13 and Bacillus 
pumilus K8. The nucleotide sequences of these four 
bacterial cultures have been deposited in GenBank 
database under accession numbers KT907042, 
KT907043, KT907045 and KT907047. The consensus 
sequences of the four bacterial isolates and other 
related strains were aligned and the phylogenetic tree 




Fig. 1 — Sudan Black B staining of Bacillus pumilus K8 showing 
accumulation of polyhydroxybutyrate as blue-black coloured 
granules inside the bacterial cell 
 
 
Table 1 — PHB produced by 26 positive isolates 
Name of 
isolates 






K8 dump soil from Karimganj 1.310 3.21 
H4 dump soil from Hailakandi 0.764 1.75 
H13 dump soil from Hailakandi 0.690 1.60 
H7 dump soil from Hailakandi 0.446 1.50 
H12 dump soil from Hailakandi 0.416 1.20 
H15 dump soil from Hailakandi 0.355 1.17 
H3 dump soil from Hailakandi 0.167 0.95 
SH16 dump soil from Silchar 0.130 0.65 
SH21 dump soil from Silchar 0.122 0.63 
SH22 dump soil from Silchar 0.120 0.50 
NCS42 dump soil from Silchar 0.113 0.43 
S2 dump soil from Silchar 0.110 0.42 
S8 dump soil from Silchar 0.107 0.39 
S14 dump soil from Silchar 0.099 0.29 
S15 dump soil from Silchar 0.091 0.25 
S21 dump soil from Silchar 0.088 0.23 
S24 dump soil from Silchar 0.080 0.19 
S25 dump soil from Silchar 0.073 0.15 
H1 dump soil from Hailakandi 0.064 0.14 
H16 dump soil from Hailakandi 0.057 0.12 
H18 dump soil from Hailakandi 0.050 0.10 
SH1 dump soil from Silchar 0.037 0.09 
SH3 dump soil from Silchar 0.029 0.07 
SH4 dump soil from Silchar 0.025 0.06 
SH6 dump soil from Silchar 0.014 0.04 
SH13 dump soil from Silchar 0.013 0.02 
[O.D- optical density taken at 600 nm] 
 





Different Bacillus species isolated from different 
environments like waste water, sewage and sludge 
were found to accumulate PHB
23
. Bacillus is a 
prominent genus found in soil and water, which 
possess the ability to grow using cheap raw materials. 
Accumulation of PHB in bacteria largely depends on 
limiting nutritional factors like low nitrogen, 
phosphorus and sulphur with abundant amount of 
carbon. In this investigation, soils from dump sites 
have been collected with the view that this desired 
nutritional condition is naturally harboured by the  
dwelling bacteria and also dump soil serves as a rich 
source of carbon. Moreover, soil is the source for a  
diverse group of microorganisms where they can 
survive easily in unfavourable environmental 
conditions by accumulating PHB or by secreting 
extracellular metabolites to protect themselves from 
the noxious environment. Municipal waste sites have 
high BOD and COD values and also have high carbon 
content with less nitrogen and phosphorus
31
. This 
variant nutrient condition (especially carbon to 
nitrogen) produces a stress prone environment which 
triggers accumulation of PHB inside the cytosol of  
the bacteria. 
 
Optimization of PHB production by isolate K8 
The cultural parameters such as temperature, pH, 
carbon source, nitrogen source, etc. play a key role in 
increasing the biomass production and in turn PHB 
production as biomass production is analogous to 
PHB production
32
. Therefore, it was standardized and 
observed that mannitol, yeast extract, pH7 and 
temperature 35C were optimum at significance  
(P <0.05) level. Growth of organism and PHB 
accumulation depends on specific carbon source taken 
up by the organism. Growth of Bacillus pumilus K8 
was investigated using different sources of carbon. 
Fig. 3A shows that the isolate K8 could utilize 
mannitol efficiently among different carbon sources 
and growth (in terms of OD) was approximately 
1.51±0.08. Fructose and glucose also supported 
growth (1.41±0.09 and 1.34±0.18) but they were used 
up moderately for accumulation of PHB. A highest 
cell density was obtained when yeast extract was used 
as the sole nitrogen source with 1.52±0.09 O.D (Fig. 
3B). Peptone and ammonium chloride also promoted 
growth however, urea and tryptone showed very low 
cell densities. Bacterial growth have also greatly 
influenced by change in pH gradients. Fig. 3C shows 
that maximum bacterial growth occurred at pH 7 
(1.97±0.03 O.D) and further increase in pH does not 
 
Table 2 — Morphological and biochemical properties of bacterial isolates 
Characterization 
Morphology K8 H4 H13 H7 
Colony shape Round Round Round Round 
Colony colour Milky Off white Creamy Milky 
Surface Smooth Smooth Smooth Smooth 
Elevation Raised Raised Flat Raised 
Transparency Opaque Translucent Opaque Opaque 
Margin Entire Entire Entire Entire 
Stickiness Non-sticky Sticky Sticky Sticky 
Gram staining + + + + 
Cell shape Rod Rod Rod Rod 
Cultural characteristics 
Growth on NA + + + + 
Growth on NB + + + + 
Optimum temp. 35oC 30oC 30oC 30oC 
Optimum pH 7 6 7 6 
Biochemical properties 
Indole nil nil nil nil 
Methyl red nil nil nil nil 
Voges Proskauer + + + + 
Citrate utilization nil nil nil nil 
Nitrate reduction nil + + nil 
Starch hydrolysis + nil + nil 
Catalase + + + + 
Oxidase nil + nil + 
Urease + nil nil nil 
Gelatin liquification nil nil nil nil 
Utilization of carbohydrates 
Glucose + + + nil 
Mannitol + + + nil 
Rhamnose + + + + 
Adonitol nil nil nil nil 
Arabinose + + nil nil 
Lactose nil nil nil nil 
Sorbitol nil nil nil nil 
Sucrose + + + nil 




Fig. 2 — Phylogenetic relationship of the bacterial isolates with 
their related strains 




favour growth of the cell and in turn PHB 
accumulation. Temperature also plays an important 
role on cell growth of the bacterium. Maximum cell 
growth was shown at 35C (1.49±0.04 O.D) and 
minimum cell growth was observed at 20C 
(0.32±0.02 O.D) (Fig. 3D). Further increase in 
temperature does not favour growth of Bacillus 
pumilus K8. Subsequently, under this optimized 
conditions, Bacillus pumilus K8 was found to 
accumulate maximum amount of 5.04 gL
-1
 PHB 
achieving 72.93% of PHB production.  
 
The present result somewhat coincides with the 
early report that 70.5% PHA production was observed 
using Bacillus sp. in presence of 0.5 gL
-1
 of nitrogen 
source
20
. In another report, it has been stated that 
PHA production from Bacillus sp. varied from 
13.06% by Bacillus sp. PHA 013 to 66.80% of dry 
cell weight by B. licheniformis strain PHA007
33
. B. 
licheniformis PHA007 produces maximum amount of 
6.28 gL
-1
 PHB which is also similar to the findings of 
our present study. Optimum PHB production by 
another strain Bacillus cereus FA11 was 48.43% 
obtained at pH7, 30C, with glucose as carbon source 
after 48 h of incubation. Cultural effects on PHB 
production was also studied in Pseudomonas, 
Citrobacter and Bacillus (MS2D, MS2C and SEWA) 
where the strains MS2D, MS2C and SEWA 
accumulates maximum amount of PHAs at pH7
34
. 
pH7 and temperature 35C in the present optimized 
data are pre-eminent for the production of PHB, as 
Bacillus pumilus K8 was isolated from the 
environmental soil sample. Moreover, mannitol is a 
monosaccharide derivative which can easily 
assimilate by bacteria. Sucrose is a cheaper source for 
the production of PHB by Bacillus mycoides RLJ B-
07. A maximum PHB content in the cell reached up to 
39.9% in Bacillus megaterium after growing with 
glucose as the sole carbon source
35
. However in this 
study, mannitol was found to favour higher biomass 
and PHB production by Bacillus pumilus K8. 
Similarly, higher biomass and in turn higher PHB 
accumulation was obtained in yeast extract among 
other nitrogen sources used in the study. This may be 
due to low nitrogen content and presence of vitamin B 
complex and growth factor. In B. subtilis 25 and in B. 
megaterium 12, protease peptone was found to 
observe the highest level of PHB accumulation
36
. 
Literature also reveals that a variety of commercially 
available complex nitrogen sources were analyzed for 
PHB production and they increased the yield of PHB 




Amplification of phbC gene 
A pair of specific PCR primer was designed and 
used for genotypic detection of phbC synthase gene. 




Fig. 3 — Optimization of growth parameters for PHB production by Bacillus pumilus K8 at different (A) carbon sources (B) nitrogen 




Fig. 4 — Amplified PCR product of phbC gene of the four 
bacterial isolates 
 




bacterial strains were successfully amplified and 
separated on 1% agarose gel, observed with a UV trans-
illuminator and documented with GelDocXR software 
(Biorad) (Fig. 4). Amplification of phbC gene 
genotypically confirms the production of PHB by the 
bacteria. Application of different genotypic methods in 
various PCR protocols; using degenerate primers to 
detect and amplify the PHA synthase gene(s) have been 
reported
38,39
. The polyphasic approach using 
combination of phenotypic and genotypic screening 
method was successfully applied
40
. This polyphasic 
approach is more preferred than the individual detection 
method. Also, different molecular approaches were 
successfully applied for detection of PHAs accumulation 
by a variety of bacteria
41,42
. Thus, amplification of phbC 
gene may help to acquire the knowledge in molecular 
genetics of PHB production which may further facilitate 
in analyzing the metabolic process of PHB biosynthesis 
in Bacillus pumilus K8. 
 
Evaluation of kinetic parameters 
The kinetic parameters for the batch experiment 
were evaluated with respect to PHB and biomass 
production on the optimized culture medium. After 





 of the production medium and produces 
72.93% of PHB at the rate of 0.013 g g
-1
 of the 
biomass produced h
-1
. But in another study
29
, it has 





 of the production medium and accumulate 
50% of PHB at the rate of 0.007 g g
-1






The results suggest that Bacillus pumilus K8, a 
Gram-positive bacterium could be a potential bacterium 





of the production medium and could achieve maximum 





 with polymer concentration of 5.04 gL
-1
 in 
an optimized condition. This study revealed that 
dumpsite soil could be a good resource for PHB 
producing bacterial species. Bacillus pumilus was found 
to be a new Bacillus sp. capable to accumulate PHB 
efficiently. Moreover, Bacillus sp. has the capability to 
produce different ranges of monomeric composition as it 
can incorporate both short chain length (scl) and 
medium chain length (mcl) PHAs. Therefore, PHAs 
production by Gram-positive Bacillus sp. has a distinct 
characteristic which needs further intensive studies. 
Bacillus pumilus could be utilized for industrial 
production of PHB as it can produce the polymer very 
efficiently and hence may help in reducing the 
production cost of PHB.  Also, the result of this study 
may serve as a reference for further investigation of new 
species of Bacillus from some other unexplored niches. 
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